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" Abstract

. The new non-magnetic ionization gauge can be compared witha. =~

;:P_enning type '{ionizatiovn gauige Whéﬂr‘é‘ the electrons oscillate .a.long the'axiﬁ :
" of the tube. f"I‘1.1e difference betWeer; ’t_he'Pe;ming gauge and the new gaqge ; ’
',  iies mainly in the.fa’ct that the c?nfinérﬁent of the electrons‘iis_ achie%zed
| by électroétatic quadrupole lenses instead of a magnetic field. | Electrons
£ E.areA emitted f.rorn a .lzo-t".cathode f‘at oﬁe e;xd of the tube and accelerated
' " along the tube. They will then encountér an ‘invgrte.d field, éinqe on thé
' ‘v’othgr end of the tube a ﬂat disc,i‘s pc;éitioned which has a p.otentia,l Bligh‘t-r‘ :
yly lower than the c#thodg ppteﬁtial.' This will cause the electrons to re-
" turn and cqntinue to oscillate obtainin.g ‘r’naxin.mum velocity each time' they
: ..paés the .m;.ddle of the tube. The p:éduc;ad ions are collected by a cylin-
d:‘riéallséreen surrouﬁding the whole eléctr'ode structure and/of the flat
; dis‘cy.. No fast"electrons can hit ar:;y slolids so that the X.-ra.y production is |
vkept.very low.‘ The tube can be’ operai.ted in two mod;s: 1) d. c. potentialéyb

- or 2) ultra high frequency (about 200 MHz) are_appl'ied to the'quadrupole

~ %*Supported by a NASA gran£ which is part of NASA Langley Research Cen~ i

ter's Vacuum Instrumentation program directed by Paul Yeage:i'. .



rddsv. In the case of the d. c.'operation. the s"ensitivity factor was by a

kk lfactor of 10 and in the hlgh frequency operatlon by a factor of more than
| 2,000 highar than that of a regular Bayard Alperl: gauge, The X-ray limit

" is so low that it plays a lesser role than adsorptwn and desorptmn phenom;?‘ :
' _va éna at the ion-c_ollector. Adsorpvtio’n an& desorption processes come to’ar.x

o equilib_rium in front of the ion cqlle'cvi‘:o"r and create a kind of »"ga‘s cloud".
;:-T'his had earliezf been po.stﬁlaﬁea:‘é;.iaéi%xg éhe main reason of the lerr N
11m1t of ionizétion gauges., et ¥ ' ;

’ 1. Introduction

/ The new non-magnetic ibnizatibn’ééuge'consisih:'s' basiéally of .q‘uad'rui-_

J . . o
vpo‘lxe‘A lens systems exqitéd at high frequency.., The principle fo‘r focusing : .

- with a':quadr\;.pole s;}rstem had already been pi;oposetd in 1950 in a patent i
::~issued to Christofﬂos (1950). Indepéndentlf Courant, Livingston and

‘ Snyder (1952) have studied the poss:.blhty of using a,lternatlng gradlent

. .‘ focusmg for particle accelerators. ‘Paul and Steinwedel (1953) had pro-;;

| ;pos’ed this same princ.iple for a{pplic.ation, in ma_ss-spectrometry. ‘Many
.papers have come out in the meantim‘é on the subject and a recent survey\: B

can be found in a book edited by Septier (1967). The quadrupole radio fre-
,'yt.;uelncy devices {r‘vere mostly used for mass filtering. Only recently Dawéon ;

- and-Whetten (1968) ha's.re mentioned the’ possibility of using éuch a system

as an ionization gauge. Alrleady Fischér (1959) had w§rked out a‘theobry :

_on how to focus electrons with roﬁationally symmetric quadrﬁpole fields



- for possible use as an ionization gauge.

o The present work differs s'ubstantially from the previoﬁs‘efforts in . f

that the quadrupole tube is operafed uhd_e'r such conditions that pred_omi{

s naifitly electrons are being focused ‘by";this kind of strong-focusing device. 1 g s

At the other\'en_d of the hot cathode the ,électljons' will encounter a slightly

negatiﬁé poteﬁtia.l And therefofe‘, w111 bé d;rive.n b;ack.‘, The ldevic‘e‘-is sorr_x‘é- ax f'
' ‘:»wha.t 51m11ar to a. Pennmg type gauge tﬁe electrons a.ré t;:onfmed in the |

center of the tube by strong focusmg qu_a.drupole 1en8e8 1nstead of a mag-
‘_':""‘netu’: field. ’The ions produced W111 be collected by a small disc in the cen-?,‘i:,
ter opposite _ﬂthe cathode;_ this disc p:_rov_1des also the negative bptent;al for

‘the creation of the inverse field.. i

- 2. ‘Px;incipie of.O-pez-'atién

four r.ods placed symmetricallj’ril::arallel around the axis of the tube" . ij

Coiwith alterhating potential impbsed onithém will prbduce apﬁroxima.tely’,th'e"’ &
’sa..me'qua.drupole field aé the ideal configura.tior; of'hyperbo_licy electrodes 3
'sketcheyd on Fig. l. An a.c. potei\ztial Uy cos wt with a superimposed d. c'-

 potential Uy, ip applied between a i)a;‘ir. of opposite "rods". Theﬁ ele’ctric’

field within the quadrupole is given by:

> , Udc‘: +.Uo cos wt . B ¥
E = - grad T {y? -.22) L L)
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which leads to the following differential equations for y and z: -

k
¢2 P \"A‘ . " % . : :
3 o i T Y ': T
2t (Udc' +U_ cos wt)z = 0 ~ (%)
o . ‘ : .

39fh ai;e of the form of Mathieu's eqt;.ation »(see'McLachlari(1947)‘,); g
e 5 L - . o B > ) ‘ . ; .. '
-3—6-%'+ (g - 2q cos 26')?; =0 . _ o (5)

:thé sbl_ution of which is given by:

: s v e - ldve '
z ..Aeue );.‘” cv: eive-l-Be uo }w c,e dve ' (6)

~

which can be applied for ¢ being eithér y or z. In the first case (eq. 3) v

S ; BEUdc” , .
i ® a= ‘a}’ ] .rz mmz ’ : é (7)
.70 ,
 and in the second (eq. 4)
| ' - 8eUdc .
a= ag -t 8y
" and in both cases ' o o B
4el
—_de s
q rcz) i (9)

which results from the fact that the time operator -d—::l? has to be replaced

by the operator —l-;_—-&%-i- -, since o = %E . The characteristic exponents



ﬁ of the solutio;z can be determine.‘d,' from a and q . But ih.o;rder.that y

: s . T : . : S X
and z ‘be real, u has to be purely imaginary of the form yu = % 1, where b~

and d are iﬂtegral numbers. The upper limits for a, and thé lower li;'nits
for é’y i'espe'ctively' ,for‘ which ‘tnhes:e‘. c«:fnditions ekiét a‘re‘repr’esented.by ‘
the two cur\}gs on i“ig. 2. a.z a.nda.y are.glre;dyl given in units of Uy,
as a‘i"function of the peak voltage U, for eleétrons and at a higl;_ frequenéy
of :v = 200 MHz as applied tu'c; th;a‘ _rods. So that ,op;y electrons remain 'o#
-afstablne trajectory one has to-stay close to the two points of t};e two cui’Veg ol
which yield ay = -a. This ié‘th;c‘as_e approximately at; 6@ = 160."v<.).1t8.

-

which then fixes the value for Ugc = 27 volts. ' For values of U, .>160 volts -
one can also have stable trajectories ;for electrbns but other charge;i par-
lticles‘ with higher magses M may a}sd be'come stable. The dc pétentia1~

' Udc t'o be then applied ca1;1 be determined from the intersec‘tion of t'he‘ 1.ine_A
a8 given by: Uyer =-YUgo1 with the lower curve of Fig; ',2. Y lis sma;lier

than 0.166 and U, varies between O and U,. f‘rom the cc;rresp'ondin'g
value-for U, - one can find O;J.t the"':;;axizg,e of masses up to which stable con-

ditions exist. All charged particles with atomic weights smaller than

B
b b

A=5.45x 10 UO/I..I01 - .(10).
then fulfill these conditions for the constructed device with r o=1 cm and '

v = 200 MHz. For ions with A = 1 (hydrogen) a ratio of YUy/ Ugc 1840

would be necessary which showg' that with ‘~Y< 0.._166 pré.ctically only electrons



will oscillate under stable conditioné.' Due to the long electrbh pé.th the -
amount of ions produced will be much higher than in a normal ionization

gauge.

;

3. Gauge Design and Electrical Circuit’

The :schema_ticé of the ’q\lzadru»po‘le' lionilzati'on gauge with its electrical. |
connections are depicf.ed on Fig. 3 ' ’.lfhe fou,r~ rods R provide the a_lter-' 2

_ . .
‘. nating high frequex;cy field. Ell.ectrons.,vafe emitted ,from the hot cathode C_
wﬁich consists of a bure tungsten wi:ée in h_a.irpi:i shape. At th; anode ring

(AR) the potential Uy is appliedfandeerves mainly to detect't;he electron

N
-

-emission i in an amperemeter A ‘before the'high frequency ig set in

. operation. The collector disc Co has a potential Vg negative against the -

+

. ‘dathode. Ions being collected at Co are measured as a current i* with

an electrometer type nanoammeter (nA). -

»

In order to avoid transmission losses at the relatively high frequency,

.. the two pairs of the quadrupole rods were used as transmission line"s vfor
the high frequency. This is 'no:t shm’k;ri <‘Jn_, Fig. 3. 'in ordef to gét tiie peak
to peak voltage bevt"ween the two pairs of fods, an appropriate impédénce
(not shown on Fig. 3) had beéﬁ inserted at the Ao.ther end'of the rods. The -~

whole electrode structure is enclosed by a cylindrically shaped screen whichk '
) - . : :

is on ground potential as is the positive side of the cathode C heated by a

. low voltage DC power supply Uh _The peak voltage .Uo is also measured

by an RF-voltmeter not shown on Fig. 3.,



4, Calibratior; of Gauge -
o " ‘ 1 *

It was posasible té find the condifions under which the ion current i+

_was proportional to the Ipres.sure‘-’p' A;':'a.nd fhe‘electron current i as ;Kis N

latte'r__ was deferminéd before the RI?:‘ vg.'gherator h.ad.‘been set in opeijation.:

The pressure p was determinéd v'a;rith 'va Re;i_héad gauge. The v,acvuunj
waé'hp;'oduced with an Ultek-ion pumping system which 'h'a.d been "fough-

. pumped with a cryopump. Stainless steel had béen used"throu'ghou’t for the
construction of the vacuum system. ' Copper gaskets for the flanges and .
valves had been used that could bé Bé.ked:c;ut up to 450° C. A;'ter properv'
ultra high vacuum treatment an ultimate vacuum of i0-13 Torx: coﬁld be ?b-

tained. Calibration was performed‘ v;ith_dri air and argon.

Figure 4 shows a fan;ily of curvveelsy giving a relationship as mez_a,-'sured' .'

" between the ion current i:*' and the collector pote'ntial Vg fdr different |

'p'ressures of dry air as paraméters startihg ffom 2 x ‘1.0-5 Torr down to
5x 10'8 Torr. For the optimum coliector potential of aboﬁt Vs = - 19.5

; volté the. gauge constant C as defmed by '

Cé" = iy | O - ‘. olan

;eveaiéd a value of C “a L04 ’I'orr'_l.' Under d.c. cc;zd_itidns .. which means. .

"the rods were onlf on the p.c>te¥1tia1 t;dc ‘,‘ this coﬁstant did not exceed a

value of C =50 Tp_rr;l~; " This is a'fa;ct;)r of 10 higher than _theNEECE)a

B

type Bayard-Alpert gauge.b'
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5. Lowei' Limit

The lower 11m1t for the RF operatmn could not Sret be determmed
-wan to 10 -3 To.rr still a 11near1ty between pressure P and ion current
-i+./c'ou1d be observed. However, quite a pumpmé a.ctzon c‘ould be found
and there .a're indications that the lower limit is not determihed by'X-rays‘
. e;srentually produced by the s'low; ellectro'r;s, but rather by absorptio‘n and
desorpi;ion processes at the collectoﬁ: electr’edé., These processes enter
into an equilibrium- in front of the iop’elollector .and create a kind'of Ygag
cloud" é.s.'thi:s hed earlier been posteilvl’;,;ed by Schwarz (1951) and a;lape.rent-A
- ly late;' observed b? Redhead (1966'). Such a gas cloud being‘ in a steady
sta,temay be"t.he rﬁain effect tha."c (viete‘rm’ines the lower limitlong before ‘.

the X-ray limit shows up.
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= -8 Figure Captions

Fxg 1- Ideal Electrode Conflgura.tzon for Quadrupole Field | 5

’ : F1g. 2 - Stability. Limxts for‘ Quadrupole F:Leld
"Units in volts for electrons. o -1 cm and
v =200 MHz".

- Fi g 3 - Schematics of Quadrupole Iomzatxon Gauge and Electm-_-' :
cal Circuit o . ‘

/ -;Fig. 4 - Ton Current 1+ as a Function of Collector Potential Vg
at differeht pressures p of dry air for Uy = 160 volts, .
Udc = 27 volts. ‘200 MHz v
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